Introduction
For the last two decades, computers and computing technologies have been rapidly grown and used for automatic scoring of exam papers including multiple choice questions. The advancements of these systems are parallel to the developments in technology and have been still continuing to increase. The usage of automatic grading systems can be able to reduce the reading load of exam papers and human errors that may occur during manual grading because of tiredness, inexperience, etc. Automatic grading systems can also decrease time, cost and energy required to grade the 101 solutions. They mainly focus on developing systems for detecting the objects in an exam paper and mathematical models for grading. Most of these studies have been conducted to create algorithms based on image processing techniques. (Fisteus et al. 2013 ) developed a low-cost and portable grading system for multiple choice exam papers. The system performs mark and character recognition of hand written papers. (Nguyen et al. 2011) introduced an efficient and reliable camera based multiple choice test grading system. The system is based on commonly used image processing techniques. It is a low cost solution as an alternative for the conventional optical mark recognition systems which are already available in the market. (Abdu and Mokji 2012) developed an automatic grading system based on Hough transform technique. The working principle of their systems is summarized as: firstly an empty answer sheet is scanned so that the required data is stored into the computing system. Then a combination of Hough transform and region of interest algorithms are used to find the true answer regions. The system proposed strictly depends on the answer sheet's format. (Zampirolli et al. 2013 ) introduced an automatic correction system for multiple choice tests. The system includes a digital camera and an image processing technique. The study presents a method which is based on transforming captured images of each answer sheet into binary format. It basically follows the simple morphological operations for segmentation objective. (Rakesh et al. 2013 ) proposed a cost effective optical reader system. The system developed includes a scanner and a computer and uses a simple image processing algorithm. (Chinnasarn and Rangsanseri 1999) developed an image processing oriented optical mark reader. The system uses a microcomputer which is connected to a scanner. An empty answer sheet is introduced to the system and then a digital library is created. (Sattayakawee 2013) presented a study related to scoring for non-optical grid answer sheets. The system is constructed using the projection profile method and thresholding technique.
In this paper, a new approach for scoring the exam papers including multiple choice answers for each question is proposed. Adapting the Hough transform technique to develop an automatic grading system is the main focus of this study. Information on each answer sheet of the exam papers is converted to digital format so that the developed algorithm could use the digital data. Then the answer choices, which are shown by the circles (bubbles), are detected by using the Hough transform method. The automatic grading system developed is tested using more than 1000 exam papers. Each exam paper has 25 questions and each question has 5 answer options. The methodology and the experimental results are presented in this paper. This paper is organized as follows. In Section 2 material and methods are described. The Hough transform method is also presented in this section. In Section 3 experimental results are given. The paper is concluded in Section 4 with an analysis of results.
Material and Methods
In computer vision and image processing there are number of problems frequently encountered. One of these challenging problems is to extract the desired features in an image. In an image desired objects may have different shapes that cannot be identified using regular approaches and computer programs. To solve such problems, number of solutions has been proposed. One of these solutions is the Hough transform technique that can be used to identify any objects and shapes placed in an image. It can also classify the desired objects and shapes regarding to the parameters specified to describe them.
The Hough transform technique has been commonly in use in computer vision, robot vision, automation, control and image processing applications. This technique was proposed by (Duda and Hart 1972) to find shapes and objects in an image. Originally, the technique developed could not able to detect circular shapes (Hough 1959 (Hough , 1962 . After some extensions have been added, the original version has evolved and is now able to detect circular objects and shapes in images.
Hough transform consists of a method that can enable to count the number of points placed on a possible line in a data set or in an image. This method focuses on representing the lines in a form which is constructed based on slope intercept information. It creates a space for the line parameters as well. In other words, the method transforms each of the possible line points into a straight line of which the parameters are located in a parameter space known as the Hough accumulator. This plane is a two dimensional slope intercept plane. The set of all straight lines in a data set composes of a slope-intercept parameter family. In this parameter family normal parameterization procedure, which is about presenting a line by vector form, enables that a single straight line can be obtained using a single point. The normal representation shown in Figure 1 -a includes a straight line which makes an angle θ with its normal and has a distance δ to the origin. The equation for this representation is given in Equation (1).
x cos(θ)+y sin(θ)= δ
When the angle θ is limited in a range of [0, 360] , the normal parameters of a line are obtained as unique. Following this approach, normal parameters of each line set has a unique point in the slope-intercept plane as shown in Figure 1 -b.
As seen in this figure, there are number of sinusoids created using the normal representation given in Equation (1). They correspond to co-linear points intersected at a unique point of which coordinates are at (182, -1.54). This procedure is considered as detecting co-linear points and can be turned into the solution procedure for obtaining concurrent curves.
Results
The automatic scoring system presented in this study is tested on more than 1000 exam papers. Each exam question has 5 answer options (bubbles). The number of questions is 25 in each exam sheet. In order to follow the answer bubbles line by line, a guidance system is adapted to the circle detection algorithm as exhibited in Figure  2 -a. According to the case shown in this figure, firstly, "A" bubbles of the first 25 questions are tracked and detected. Then the detection system is guided to detect "B" bubbles. This process continues until the "E" option of the question 25 is detected. Note that the starting and end positions for the detection are highlighted with the red-filled dot and red-filled square, respectively. It is expected that in addition to grading the answer sheet, the proposed system should be able to identify the student ID number (Figure 2-b) .
In the experimental studies, more than 1000 answer sheets are graded using the system proposed. As a case, the grading are also sought. Students mark their student id numbers specified by circles and the automatic grading system identifies the marked circles as well. The proposed system could successfully grade all the answer sheets and identify the students' ID numbers. It could achieve the objective with 100% accuracy. The computational platform where the grading operations performed uses Windows 8 (64 bit) operating system. It has a processor, Intel Core i3 with the speed of 2.4 GHz. The RAM capacity is 4 GB. Details of the computation that includes grading the answer sheets and identifying the student ID numbers are given in Table  1 .
The system introduced in this study has capable of not only grading exam papers automatically but also providing opportunity for assessment of the graded exams. The assessment capability of the proposed system is presented in Figure 4 . As shown in this figure, the answer sheets of 312 students are graded and an assessment graph is created.
There are 25 questions in the exam paper and each question has five answer options. The options are specified by the letters A, B, C, D and E. The assessment algorithm created uses the marked options for each question. The correct answers are also indicated by the yellow colored boxes in Figure 4 . Every box includes the numerical information showing the percentage of marked choices. This assessment graph enables that the lecturer or examiner can be able to results of the answer sheets of 247 students are presented in Figure 3 . The answer bubbles detected are indicated by blue colored circles. Centers of each bubble are also shown by red plus signs. In this case study, the students' ID numbers evaluate the learning success of the all students. Note that the grading operation for this case study is conducted with total processing time; 55.034 min. Standard deviation is found as 4.348 sec. Average time which is required to complete one of the students' papers is 10.583 sec.
Conclusions
Automatic grading systems for the exam papers including multiple choice questions are widely used in the learning environments. Such systems are essential for achieving accurate and fast grading. In the market, some automatic grading systems are available. They need special forms and answer sheet formats. Also the bubbles and answer options have to follow some guidelines. Furthermore, such systems are closed to make implementation of the new approaches and methodologies. When the studies about automatic grading systems existing in the literature are investigated, it is seen that there is lack of a comprehensive solution. The automatic scoring system proposed in this paper provides a new perspective to achieve grading of the exam answer sheets. The system developed involves not only a new technique for grading multiple choice exams but also some highlights for the researchers who have plans to focus on this subject. 
